EPA/600/R-93/206

-

' ASSESSMENT OF POTENTIAL HEALTH RISKS OF
" GASOLINE OXYGENATED WITH METHYL |
' TERTIARY BUTYL ETHER (MTBE)

Office of Research and Development
U.S. Environmental Protection Agency .

November 1993 .



DISCLAIMER

This document as beea reviewed in acushace with U.S. Environmental Protection
Agency pohcy and approved for publication. Meation of uade names or commemal
products does not consumte endorsement or mommendauon for use.



LIST OF TABLES L

AUTHORS
AND CONTRIBUTORS'

L I I I T T T

.o_oo..l-0-000-0....o-noooo....aa.' ooooooo
oooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooo

Methyl Tertiary Butyl Ether . ............. e

7.2.1- Odor Thresholds and Dermal Effects
2.2.2 Short-Term Exposure Effects .......
2.2.3 Long-Term Exposure Effects . .................

------------------

oooooooooooooooooooooo
oooooooooooooooooooooooooooooooooo

3.1.1 An' les

ooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooo

[

3383 & 333.$3qmmma.

5 &



LIST OF TABLES

-

-Percen'taﬂeofCasesinFairbankséndAhchonge
Pétéenﬂgeof?ebplein?ﬁrb_ankskepotﬁngSyn_:ptoms

PemngeofMalqihSnmfordRepoxﬁngSympﬁoms‘. e

PucmgeofMﬂeCinAMyRepoxﬁngSymptoms ce e e
. Methyl Tertiary Butyl Ether Exposure Estimates . . ..........
AnnualAvmgeMethleamryButylEtherExpome o
"Estimates

iv

10

.14

15
38.

39



AUTHORS

Dr. Judith A. Graham (Team Leader)

Environmental Criteria and Assessment Ofﬁee ‘

~ U.S. Eavironmental Protecnon Agency

- MD 52

Research Triangle Park, NC 27711

Dr. Eric Clegg

Human Health and Assessment Group
U.S. Environmental Protection Agency
401 M Street, S.W. (RD689) ’

Washington, DC 20460

Dr. J. Michael Davis

EnvummmnlCnmandAswmmOfﬁce'

U.S. Envuonmenta.lpmtecuonAgency

-~ MD 52

Research Triangle Park, NC 27711

Dr. Timothy R. Gerrity ,
Health Effects Research Laboratory
U.S. EnvxmnmenanmtecuonAgency
MD 58
Resamh‘rmnglel’a:k,NCZﬂll

DrJeﬂxeme
EnvnonmennlCnmmandAssaunmot’ﬁce
- U.S. annonmennll’:mAgency :
MD 52 .
'RmcthanzleP:rk,NCZﬂll

DrAhanber . v
Annosphencl!swchand&pom

Assessment Laboratory
U.s. EnvnmmlP:WnAgmy
-MD 80 -
Rmch‘l‘nangle?uk, NC 27711

Dr. Jean Parker
Human Health and Assessment Group
401 M Street, S.W. (RD 689)

- U.S. Eavironmental Protection Agency

Washington, DC 20460

Mr. James Raub
Environmental Criteria and Assessment Office
U.S. anuonmemaletecnonAgency

MD 52

Research Tna.ngle Park, NC 2‘7'711

Dr. Bob Somawane

Human Health and Assessment Group
U.S. Environmental Protection Agency
401 M Street, S.W. (RD 689} :

wuhinsm,' DC 20460

DrRowaadmger
Ammkesumhmdﬁxpomre

Assessment Laboratory -
U.S. Environmental Protection Agency .
MD 48

'Research Triangle Park, NC 27711



U.S. ENVIRONMENTAL PROTECTION AGENCY
REVIEWERS AND CONTRIBUTORS -

e

Dr. Melvin Andersen

Health Effects Research Iabomory
U.S. Eavironmental Protection
Research Triangle Park, NC 27711

Mr. Stanley B. Durkee
OfﬁceofScxencePlanmngandchuhtory ,
Support ' |
U.S. Envuonmentall’rotecuonAgency
Washington, DC 20460

Mr. Gary F. Evans

Atmospheric Research and Exposure.
Assessment Laboratory

U.S. Environmental Protection

Research Triangle Paxk, NC 27711

Dr. William Farland

Office of Health and Eavironmental Assessment -

U.S. anxmnmentall’mtectionl\m
Waslnngton,DC20460

Dr. Eameanm
OfﬁceofSamcePhnmngandRegulmq
Support

U.S. Environmental Protection Agency
Washington, DC 20460

.DrLestuDGnnt

U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Dr. Jack Grffith
‘Hahhnﬁectskmchhbonmq
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Atmospheric Research and Exposure
Assessment Laboratory

U.S. Eavironmental Protection

Research Triangle Park, NC 27711

Mr. David Kortum

FuclOpennomandSuppoanmon
U.S. Environmental Protection Agency

Washington, DC 20460

Mr. Al Mannato

FuelOpmnonslndSuppon'Dwumn
U.S. Enviroomental Protection Ageacy
Washington, DC 20460 -

Health Effects Research Laboratory
U.S. Eavironmental Protection Ageacy
MWMNCZW!I

Dr. David McEKee

.oniceofAiermyphmgmdsmdards

U.S. Eavironmental Protection Agency

 Rescarch Triangle Park, NC 27711
 Dr. Hugh McKinnon

Oﬁceofﬂahhandﬂnvmnmenﬂl&msme:
U.S. Eavironmental Protection Agency '

wuhmcm.nczmso

© Ma. Men:Sith Miller

Foel and Support Division
U.S. Eavironmental Protection Agency

‘Wnlmgtnn,DCM



u.s. B‘I’VIRONM.ENTAE‘ PROTECTION AGENCY
REVIEWERS AND:CONTRIBUTORS (cont'd)

Dr. Peter W, Pmm ’
Oﬁceofmmmgudnmhmry

- Support

U.S. Environmental Protection Ageacy

Washington, DC 20460

Mr. Charles H. Ris
amwmwemp
U.S. Eavironmental Protection Agency
wmnczo«o o

Mr!mm

Research Triangle Park, NC 27711
Fuel Operations and Division

Dr. xzvm'l'achman
OfﬁceofScwePhnmngandRzzulamry
Support

| u.s. Envumwlhmonuency

WuhmmDCZOdGO

-_Drmmm"

mdmmmm

- Support |
U.s. wmm

mm,ncm

mmm )
mdwmmm

. U.S. Eavironmental Protection Ageacy

Washington, DC 20460



‘et

EXTERNAL PEER REVIEWERS

The listed in* /iduals reviewed a pear-final draft ("peer-review draft®) of the report and
pm:dedcomentstotbeauthorsthanhcymdmdmmhngﬁnﬂmm Hovevet, :
memundopnmonsexprwedmthereponueumnlymonof&epet

Boston, MA 02115

" Me. Charles Loe

United Church of Christ o
Commisioan for Racial Justice

" New York, NY 10115
" Dr. Roger O. McClellan

wmw«'

Toxicology
mwmx«:m

Mr. Hugh L. Spitzer
Betheada, MD 20817



" ACKNOWLEDGMENTS

We are décply grateful for the outstanding Work of hundreds of scieatists from
government, academia, and industry who developed the data on which this report is based.
We also greatly appreciate the editing and word processing contributions of John Barton,

" Lynette Cradle, Jorja Followill, Weady Lloyd, and Pete Winz of ManTech Eavironmental
Technology, Inc. | : - |



1. INTRODUCTION A , |

" The Clean Air Act Amendments of 1990 require the use of oxygenated gasoline in the
39 areas of the cour ry that exceed national health standards for carbon monoxide (CO).
.Carbon- monoxide ,:olluuor. is caused by incomplte burning of fuels used in internal
combustion engmg $ and is generally more severe during cold winter wmpemmres That is
why the oxygenated gasoline program covers jll!t the typically coldest winter months in areas
exceeding the CO standards. E.’ssentially,ga.solineisdilntedbyaddingoxygenates such as
ethamlormethyltemarybutylether(lmownumﬂ) wh:chalsomducacemmother

organic compounds. ‘n:emltxsdecxusedmmonsofCOandsomeothertoncm
pollutants (e.g., benzene) However,memde—offamalwmedtobemry
between(l)theexpecwdreducuonsmco bennne etc., uda)musedemxssmnsof
M‘l‘BEandcem:nothumm(eg t‘onnaldehyde)

Typically, MTBB-oxygunted guolme contains approximately 15% MTBE by volume
withmoonvennonalmhne ‘I‘h:syolnmeofMl‘BEmhmmaappmnmamly27%
oxygenbyweight,whichisthefedmﬂymmdaiedstandard. OxyfnelswitthTB.Bue '
widely used. There were seven metropolitan areas that had requirements for oxyfuels
(at lower oxygenate levels than curreatly used) before 1992. The Deaver, CO, program
began in 1988, and five of the other programs have been operating since 1989. Methyl
. testiary butyl ether constitutes about 80% of the oxygenates sold in the Phoenix and Tucson,
AZ, andDmvu'pmgmm. Indepmdeutofﬂ:eoxyﬁnlspmmm,muuednm
octane enhancer. ltismelyusulinmgnhrguolineatmghlyo.zx(nngingupmabom

-~ 2.5%) of MTBE; andadgxﬂhmpo:ﬁmofpmmpsohncMZw9$m

Anamlymofthembintairqmlnyintheoxygamadguohmmbyths
WWW:@A’:)OM&WW (OMS) indicates that
Mwmmmmhﬂomducowmwmmﬁmu
dmlmmnnﬁhrpmdsmmmym(us Environmental Protection 3
Agency, 1993b). Based on this analysis, OMS. determined that naticnwide, the mumber of
CO exceedances in all nonattainment areas decreased by 0% on average. Exceedances were
reduced by 95% in the 21 new oxygenated gasoline programs and by 50% in the programs
that began prior to 1992 (these programs generally required about 2% oxygen by weight

prior to 1992). The eight California programs experienced an 80% reduction while



xmplemenung a prog—m requiring a lesser standard of only 2% oxygen by wexght (about 9%
MTBE by volume). Although normal vamuons in meteorological eondmons or patterns of
vehicle use might have contributed to the decline in CO exceedances in some nonattainment
areas, OMS concl- .d that the aggregate nationfl data suggest strongly that oxygensed
gasohnehadthehndofposmveeﬁ'eetavenllthammtended

This assessmeat updates EPA’s Office of Research and Developmeat (ORD) Febmary
1993 report, eatitled "MTBE-Oxygenated Gasolines and Pubhc Health Issues® (U.S.
Environmental Protection Agency, 1993a). TheFebmaryreponwasdevelopedtoasslstthe
EPA’sOfﬁceofMobﬂeSmandReglmsvmandeevﬂuannghenhhsympmm

. complamtsbysomeruxdentsml"aixbanhmdl\nchomge AK and Missoula, MT.

InFa:rbanks Missoula, and Deaver, pubhemdhmlmwueavuhblethnsohmed
comments on oxyfuels, thetebyfndlmnngeommumeanonabouteomplnnts People 2
Fairbanks and, to a lesser degre=, in Missouls made their heaith complaints public through
thesehothnecmthel992—930xyfnelm Ontheotherhnd,mDuwer where oxyfuels
wnhSShmbuemuodueedinl%&the:emefeweomplanodoundhedth
sympmmmmﬂy(!Sbeahhcomphintso&ofamlofMZ,ﬂOcomphm)(hvo
1993); however, in the 1990-91 winter season, in which oxyfuels contained about. 14%
'Mmz,dmoamodororhameompMmmdemapubwymmm The
pm«mmwmdmmmmmmm'
itd:ﬁicnhtommthemenmngof@omdsymptoms Individuals in other areas having
‘Mmzaxyfuehlnvemtmademhamxeomphm butanueumd:eM'mBoxyfnels
pmm&mmmwmuademﬂmeymmmdwmpmmmﬁe'
elsewheteeunldvayenﬁlygomepomd. Inmyeue,suchaelf»lelemdcomphimsuean
mmmnm&mafﬁemﬁemdm@mmnseﬁdwpmukhm‘s
althmghmeyuenhabhmﬂenﬁfyh;theneedforqndmhpdormnedmdm,
mmm«om'smmmws.wm .
 Ageacy, 1993a) was that the pancity of key information made quantitative risk assessment
impossible. mmmﬂmemwabpomlfmmm
ma:chwuneededtoﬁnmmpomhowledgeg:ps Therefore, a research and
assessmentpmgnmwasmned(pnmaﬁlyfundedbytheus Envnonmenaletecuon
Agency[EPA]andmdusuy[especunytheAmenanPeumenmlnmw therygeuated



Fuels Assocxanon, and the Synthetic Organic Chemical Manufacmxer’s Assbciatioh]) in
January 1993 to provide information as inputs to policy decision making for the next oxyfuel
season in the Fall of 1993. Thewltsoftheresurchﬁomthepammpanngmmmuons
were presented and dxscussed at the 'Confetenee on MTBE and Other Oxygenates
A Research Updaxe (1993) in Falls Chuxch VA, on July 26-29, 1993.
nmmmemofpmmﬂhulmm&awsuponthemrmfomnononMTBE
aﬂdmtegututheresnluoftheveryrwmtmcheffon. Although the optimal approach
formusumemmvolmenm:mgdanmpubhshedmﬂmhvemdetgompeer :
suchapubhunonpmmtypmnynmatlanlyw Thus, it was necessary to
wﬂm&e&npm&dwmnmwmd@om«mpmmm&am"
Confereace on MTBE and Other Oxygenaies (1993). Most, if not all, of these reports and
pmmmwswmmwmmmh. Inafew
 cases, the work has been subjected to external peer-review (see reference list). The ORD
mnunywdmtedthcmdtepommm&;upadbbmdammptedwdacﬁbe.the.vm‘
appareat strengths and weaknesses of particular studies. Nevertheless, when summaries
" (e-8., abstracts) or preliminary findings of unpublished reparts are being evaluated, the
WmmmMymbymmanmmoﬂhe
-mdanaeteouldmhmaddiﬁomlordﬁauteomhm ‘
mfonowmgdimsﬂmcmonthemuenﬁﬂcinfmﬁonammmal
halthnshofM‘l‘BB. Afewoduhyakponmmmmwithuseofm
oxygenated fuels are discussed briefly. Ideally, a full report would provide quantitative risk-
benefit comparisons of O and MTEE, and analyze the relative risks presented by other
gasoline components (incinding the entire gasoline mixture) and their combustion products.
However, as will be discussed, the available information is too sparse to niake such -
comparative risk estimates. The health risk evaluation focuses on the general public, not
peoy !« in occupations (e.g., gas station attendants, taxi drivers) having higher exposures to-
oxyfuels. Sevenl studies of occopationally exposed people were conducted to obtain data on
peoplelﬂelywbxvehgherapomumme;umlpublic Howwert!mﬂakevﬂnmon,
‘treats these people as representative of a highly-exposed, generally healthy group of people to
provide a perspective on what might happen to healthy members of the gencral populace
receiving lower and less frequent exposures to MTBE. The discussion is orgaized in three



sections: (1) health effects;<2) air quality and exposurcs,' and (3) a summary discussion of.
potenual risks that integrates current health effects and exposure information. Because
research on the effects of low temperatures (down to -—20 °F) on emissions from vehicles
using MTBE oxyfuels is not yet complete, this woTk will be reported later. |

2. HEALTHEFFECTS

AlthoughMrBExsthefoanonhnxepon.benm fonnaldehyde and 1,3-butadiene
malsobneﬂyaddmssedbeausetheaddmmofmﬂmaﬁ‘eatheemsaonsofm
' major fuel-related air toxics. Methyl tertiary butyl ether is primarily an evaporative
emission, but some is present in tailpipe emissions, especially if the catalyst is not fully
performing (e.g., beforenuwarmed—uporwhmntnmﬂfnncuomng) Benzeneupnmanly |
'amlpxpeemssmandunalsobepm:nev:pormvem Fomaldehydemd .
1,3-butadiene are strictly tailpipe emissions.. . :

Whhmmwmmmmmmgm
orwnhveqbwkvdsofoxygmmmhahheﬂem,andthnhumeffmm '
relnedtothelevelanddunnonofexpom Mfudsandthexrcombnsnonpmdumue'
complumxnmthacommmmsmchubm 1,3-butadiene, CO, fonnaldehyde
~ hexane, toluene, xylenes, andethylbm. Anhonghnisbeyondtheseopethatnposdblc
mthsdoaxmem,dzpomdofmemmuandﬂ:emdm&ﬂcomponmwmm |
'mdmmhalmeﬂmshmldbemmdeamnpmﬁﬂaddedﬁsk
ﬁommnmorduwpmvxdeaeomplaamlyﬁ. Alﬂnughchunhkmypooedﬁuem
typeunddepeaofhulthhmds public health concerns only occur above certain
WWM&:M@&.&M Vu;monsinapom
dunnonsandpmuemovetyhnpannhdmmhﬂngﬂnmmdaweﬁtyof
potential health effects. For example, M—mwmammmm
effects from long-term exposures. 'Ihekveldphy:ialwﬁvuy(e.g exercise) being
petfomeddunngtheumeofupommdﬂnhanhmdthepumbungapmedm
also influence the degree of health effects cansed by each chemical. Furthermore, when
" people are exposed to evaporative and combustion emissions from vehicles, they are exposed
to a complex mixture of hundreds of chemicals, not just to MTBE alone. This exposure to

v



v

the mixture will affect the halth outcome. In the epxdemologlcal studies to be dxscussed
here, people exposed to mixtures were evaluated. Inthelmmmchmcnlandammalsmdm ,
discussed below, exposures were to "pure® MTBE (i.e.,MTBBmﬁltemdan‘),nottoa . »
complex mixture ofM'lBE oxyfuel. Thus, JomumetpmnonofsmdmofMTBE aione and
in mixtures is needed to predict effects. - ' '
Ihnsecnonfomsuonthemofpomnﬂhahhdfm,mtapomor 3

consequent risks, whmhmeovemdhtet(seeSecuons3and4)

2. 1 Carbon Monoxide .'

mClanAnActdnectsdnAdmmstntorodeEPAtoembﬁathAmbmt

'AermhtySunduds(NAAQS)forsevenlmdespludmponmm based on scieatific,

cnmmandaﬂowm;foranadeqmmugmofnfuymptmmhchuhh. The('O

NAAQSn9ppmforan8-havmgeand35ppmforal-havenge wﬂletutobe

exceeded more than once per year. SOmanyUS aﬁmmmnyaposedtocom
Congmumadeitsmducﬁonamnomlpﬂontybyuqmn;ﬁedimzu(m)oftheMJ

' oxygmndpwhmmmsmaﬂuﬂmdonmmmcomqs.beﬁmhgon
" November 1, 1992. -

MEPAMM&MMMMCO@MM

‘populations (U.S. Environmental Protection Agency, 1991a). Carbon monoxide is a

colorless, odorless, mmﬁmmumkmwmummm
bloodstream, thaefomin;adowlymmﬂ:heompbxwﬂhmoﬂobm(ﬂb)hownu _
carboxybemoglobin (COHD). Thepreamofconbhtbbloodmtheamountof ,
mwmnmmmmmuwmmm

'_’mmmﬁconhmmmm-ﬁmhmmm

ofﬂnhdltbiﬂn‘mmln‘lﬂm mlalhdbmh&ndm and
mwmmmmmdmmmm
increased blood levels of COHb. S
meﬂwdapomwhwm:ﬂonn—muhmﬁ:mdhmbm
m—mmmmwemdmblyhsmmmonminﬁmk |
pouonmgfmmhghCOlevels mnmalmsepetfomncemhunhymdmdnakhas .
bemmwbe-ﬁwwdnconbmofz.ssmm Theredncuomm | |



.pefforrnance at these levels are small and are likely to a.ffea'only competing athletes rather
than people engaged in the activities of daily life. Central nervous system effects, observed
at peak Coﬁb levels of 5% and greater, include reduction in visual petccption; manual
dextqﬁty,’leaming,'dﬁving performance, and antation level. Of most concern, however, are
adverse effects observed in individuals with chronic heart disease at COHD levels of 3 to 6%.
At these levels, such individuals are likely to have reduced capacity for physxcal activity .
beausetheyexpenencech&pam(angxm)sooner Exumse—relatedardncan‘hythnnas

~ have also been observed in some people with chronic heart disease at COHD levels of 6%

- and may result in an increased risk of sudden death from a beart attack. Carboxyhemoglobin
~ levels (3 to 6%) of concem for induction of cardiovascular effects among people with .

. chronic heart disease would be expected, on average, with exposures during light exercise to
CO ambieat air concentrations of 60 to 100 ppm (1 b) or 20 to 45 ppm (8 b). |
The NAAQS set by EPA are intended to keep COHD levels below 2.1% in order to
pmtecttbe‘mostnnﬁﬁvemunbmofthegenaﬂ‘popnhﬁui(‘ne individuals with chronic
hand:sase)wnhmadeqummofafay Bldedypeople pregnant women (due to

possiblefeuleﬁeas),manchﬂdmn,andpeoplewnbmmwnhdngmsedor

undxagmsedpﬂmomryormdxwmhrdimemaholihlywbeatmsedmkfor A
CO effects. Howevu,theptuentNAAQSfarCOneonsdemdmbeadeqmwlyp:menve |
ofthseeffects

2.2 Methyl Tertiary Butyl Ether

2.2.1 Odor Thresholds and Dermal Effects .
Ahhonghd:eﬂmngodorofhﬂtﬂmy]ﬂdmmdmkdntveryhghcomom.

of it are in the air, this is not necessarily true. Rmapmmmlmdmofmnodor ’

mmwmmmmuwmammwm)n'

'concennanonsumdowmglm and recognized (identified) at levels around

032too47mg/m depending on its purity (Clark, 1993). Bycontnst,thedeteeﬁontnd

. mogmnmﬂnuhohsformblmdsd‘paoﬁmmamchulo-foldmm

those for MTBE alone: O.32ﬁo2.09mglm for detection; 2.77 to 4.03 mglm for

thﬂcm&ummmhmmndum Wllnnaee-ry ueonvmwmdeon
d:oblmthnlppmm8836mymm ‘



recognition. When MTBE and gasolme were mixed together (15 % MTBE 85% gasoline),
the threshold concentrations of the tmxtuxes genenlly lay between those for MTBE and the

- gasoline blends alone: 0.32 to 0.94 mg/m 3 for detection; 0.68 to 2.48 mg/m for
tecognmon These values represeat ranges for sxtsubjects of varying seasitivity t odors,
»suchaswouldbe@mdmthegeneralpopulauon However, other individuals may be either
consxdenbly more or less seasitive. Also, the particular blend of gasohne may make some
difference in its detectability either with or without MTBE. o

_ Duectexposuxeoftheshn,eyes andotherhmeswhmaemsecmunonnmﬂarw:
thatofeonvenuonalgasohne(SNAMPROGEl‘l‘lSp A., 1980). Pmlongedorfreqxent '
eontaeththenhetconvennomlgasohneormoxymdmyxemltmdwmg chapping,

or cracking of the skin. If either type of fuels come into contact with the eyes, eyexmtauon
may result. Beeauseeechoftheceeffeeupomny'lmbdwhahnexpommMmE- '
bleaded gasoline is also linked to exposure to coaventional gasoline, normal precautions  °
shmldapplywhenhndﬁhgmytype_ofmﬁm,mprda;oflypeoroxygenm

- 222 Shon-Tcm&posnnEﬂecu

Epidemiological Studies |

 Alaska Studies. ShottlyaﬁetMTBBoxyfnelwumodneedmAluhon
November 1, 1992, mmmﬁmamm:mdmmmm x
reouvemmmaﬂsﬁommdwiduﬂsmmwhhbmblqmﬁngmm
ofmmmwmmmammmmm
BythefomthweekofNovember overlSOhelhhcomphimhadbem:eeeivedona
publicized citizens hotline. mmdMWmmMaﬂmw
: eonfonnderwmbaeqnanq)idemwlopalmesﬁp’iominm Most individuals
reported minor symptoms. SmdieseondnmdbytheCamfnrDiaeuelemd
Preveation (CDC) and the State of Alaska were initiated in response n these complaints.
In November and December of 1992, while MTEE oxyfuel was still in use, the CDC and the -
State of Alaska undertook a field epidemiology stody in Pairbanks (Beller and Middangh,
1992); the State of Alaska conducted a similar stody in Anchorge (Chandler and Middangh,
1992). There were limitations to the extent of the health questionnaire and the oumber of
pecple interviewed. All the gasoline in these cities contained elevated MTBE. No group



&

could be identified that had no exposure to MTBE oxyfucl, préventing controlling for

- . exposure.

- Initially, the CDC contacted 34 people who had earlier complained of health symptoms
to the Fairbanks hotline, which had been set up ior MTBE oxyfuels comments. TLey used
information from these people to establish a "case® definition. A case was defined as a
person who reported, for cither the first time, or with increased frequency since October 14,
1992, symptoms of headaches or two of the following symptoms: cough, nose or throat
burmng eyemmuon,nausaorvommng dizziness, ormsanonofspacmusor
d:sonmnon ‘l‘heensedeﬁnmanacludedmdwulmlswhotepomdsymptoms such as
fever,dmﬂm.,ormuscleachu lihlyduetomfecnousansu TheCDCt.hen _
admmmmda:ympbmqu&mmmbytglepbonemasymampleofﬂmidems
and found that 41% of the participants were cases (i.e., reported the preseace of the case

' Using questionnaires similar to those described above, the Alaska Department of Health
and Social Services and the CDC conducted interviews during late November through early
December of three groups of people in Fairbanks presumed to have, tiered levels of exposure:

(1) taxi drivers, (2) bealth care workers who typically commute, and (3) university students

whospentleasnmcuunndvehdu(nenaandhﬁddmgh, 1992). Amilarstndym

" employees) (Chandler and Middaugh, 1992). Ax‘nlysisoftile_FaixbinhdininTablc 1

 among the taxi drivers and health care workers compared to students. mmﬁmmm'

ofd:eAmhongedanwumtrepomd,bmnwumdﬂmthcundmmhdahgm
pmpomonofcomphm In both cities, hadachuwmdnmoueomnsymptom

' reported. THS h-adaches were genera™ ymndandof'mma‘nammuormen
' 1and 24 h). Othet common symptoms were eye and throat irritation and cough. Many
' .peophuwcnﬂdthdrsymp&mswhhwinavehichorwhﬂcufmﬁng Most of the

pwphmeddldnmjudgemmmbemmghmmhnphym
InFmbanl:s Manangmemmmmmmvmfor
hudache xmplymgthanhecomplnmwmnotmandwmnm:mlmgmwzdespmd

serious morbidity.
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TABLE 1. PERCENTAGE OF CASES IN FAIRBANKES AND ANCHORAGE

Interviewees . : Fairbanks Anchorage .
Taxi drivers 33% (4 of 12) - 46% (12 of 25)
Health care workers . 29% (26 of 90)

~ Students - 15% (157f 101)
Health center workers ' 25% (7 of 29)

Hospital workers S o 27% (29 of 108)

Source: Beller and Middaugh (1992); Chandler and Middaugh (1992).

Gord:aneta.l. (l993)fwndnos1gmﬁantdxﬂ'mmhenhhmmnceclmms -

A (outpanemmtfordngnosuofupperorhwenupmrymd:m headache, or :

asthm)mAmhongeovuthehstthreewmtenormAmhougecompamdwotherAhsh
cmu for the 1992-93 MTBE season, suggesting that serious ha!theﬁeca were not '
ocan'nng A study such as this has many limitations, swhuthepomnlfor
misclassification of responses. By its nature, it does not address the issue of whether MTBE .
xsassocxanedwnhsymptomsand,themfore annotbeusadtodnwanepﬂveconchmon
abom:uchmusocnnon. ' ,
mmmmnmcwfmmmwamcnc in

. collaboration with the State of Alaska, tthmomlInmforOecnmmlSafetyand

Health (NIOSH), andEPAeondnctedatwo-phseﬂndymFairbanbinveﬁpmgthe
WMWMWWMWw(m

- forDuaseContmlandP:wemim, 1993a). myallomvedpmdmenkﬁomhpretween

MIBBoxyfmlapomaandbbodkvdsomeandamajormboﬁndh,m

me mxmconﬁadmhﬁmzmmmlm while -
. anmmhpnﬁnempply,mnmmdnmdinnﬁd-rebmlm 6 weeks

after MTBE oxyfuels had been removed. Dmgmn,mﬂwminme

-mguhuﬂaded(ulﬁ)mm(usw6$)pmmumom_m Each

phase of the study involved a systematic telephone survey, and investigations of symptom
m@MWdMﬂBMMnWﬂyMW(Le,

, commutets) exposed mdmduals



~ In the telephone surveys, participant telephone numbers were selected in 2 systematic

* fashion from the Fairbanks telephone dimctory The time of day of the telephone survey was
not reported (i.e., the temporal relanonslnp between exposures and questioning was not
reported). For the occupational survey, workers Selected by convenience included those who
speat most of their work day in vehicles (e.g., meter and telephone techmcmns) or at service
stations and automobile dulersh;ps Participants were asked about a list of 15 health
complmnts, including the sevea key complaints of beadache, eye irritation, burning of
nose/throat, cough, nausea, dizziness, andspacm Spec:ﬁa.lly,ttzywereuked:fthey

_ hadexpeneneedthesesymptomsfortheﬁrstume,orwnhmcmsed&eqtmcy during the

penodfmmOctoberl 1992(Phaselanveycond|nednembet3m5)ordunngthe :

period from January 1, 1993 (Phasenauveyeondtmdfebmry 10 to 20). Participants

wemmquwedmrepononlyeomphmthnd\eyeoumnmmmacoldorﬂu

Table 2 showsacleardxffetmemsympmmrepmungnmbaweenmhofﬂntwo study

 phases. Thepruenceofanypmmmngmedmlqondmonmnotx_epom ’

-~

| TABLE 2. PERCENTAGE OF PEOPLE IN FAIRBANKES REPORTING SYMPTOMS

. Telepbone Survey ~ Occupational Groups

" Phase I Phase I’ Phase I Phase Il

- Symptom ‘ . (m=41) (@ = 100) = 18) (@ = 28)

"Headache - =~ . . 34% (14 - 10% (10) 2% (13) 4% (1)

Eye irritation - 371% (15) 13% (1%) 7% (120 . 1%
Burning of nose/throst 9% (12) 2% (12) 0% 0% O . .

Cough . " 2% O $E@® = 8% cs ©

. Nauses o 15% O 2% @ 33% () 4% (1)

Dizziness " 15% (6) 4% (4) T 4% () 0% ()
Spaciness o S 12% (9) 6% (6) 13% (6) 0% ©) -

*Phase I = While MTBE oxyfuel in use.
II = After MTBE oxyfuel removed.

Source: mhMMMW(m

Intheoccupanonala:pommvmgmons lSpeopleinPlnseI(enﬂyDecanba)and
28peoplemPhaselI(arly-m1dFebmry), uofwhompmapatedmmsel were
x recruited, mcludmgdnven,mednmm andmsunonamdam Each subject
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answered a quesuonnmre mqumng about the presence (in the previous 6 weeks) of
15 symptoms, mcludmg the seven key symptoms. Each subject had a blood sample drawn at
thebegmnmgandattheendofthexrworkshxﬁfordetermnanonsofMl'BEandmA ’
concentrations. Each subject was also asked abowt the presence of any symptoms on the day
. of their blood draw. AxrooncentmmnsofM'l'BEwerealsodetermnedattheworkphce
Resultsfortheoocupanonalexpomshowedthndlmgphuel the median preshift
bloodconcemnonofMTBBwaslISpg/L(mgeOIwnSpﬂL),nmgtoapostshxft
med:anofl80pg/L(nngeOZto370ug/L).whamdnnnngasen,ﬂ:emednnpmh1ft
bmwmmnmozxmmpuumozsmpmn. It is not clear why
'mepmmmamammxmumumm Ahrgetzndwntmpte-to |
postshift levels would bave been expected. 'l‘hed:ﬂ'ummbloodMTBBeommom
baweenPhaseIandnwaemmanyagniﬁam. PomxftbbodIBAeommmusm
the 28 workers from Phase IT (median = 42pgll.,nnge09m203ul!.)mmmuny
agmﬁmﬂybwummcpomwmmmmmmwm&m
Phase I (median = 5.5 ug/L, range 1.6 1076.5 xg/L) (Btzel, 1993). Postshift blood TBA
WmmumwmwmeMImMnmm_
amednnofSGpglL(mge16w722p¢lL)inPhan39nlL(nnp0.9b
13.4 ug/L) in Phase I mmdecﬁmwumtnﬁmnydmmul, 1993). The
.maymmmmmmxmmnmumyapm
' There was a statistioally significant correlation between the air concentration
mammamofmaduﬂngmaelmdmbjm blood concentrations. Thete wasalso a
: wmplummhﬂm:hipmbwmmeuntmdﬂﬁcnhw :
explain. Mwammammmww
wmmrmmmnmn Although the four individuals
m&ehigheaqmﬂhdpoﬂﬁﬁbbodmw“mmﬁhbwm
oneofd:ehycympmsonmedaybloodmdnwnmmeupeophinﬂnm
quartiles, dnsdiﬂ'mmmtﬂﬁmnyﬁgni&:m .
NomemﬂommmmoxyfndsmmuﬁmdhbﬁMIm
thnnmgcommminl’lirbmh Sevea people participated in Phase I. Six of these
mwuwmmnabngwnhomagdmmm Eachpenonhadablood
sample taken for MTBE analyzis before leaving for work and upon arrival at work. The -
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